Abstract
INTRODUCTION

55
The vast areas of deep ocean, characterized by low temperature, high hydrostatic pressure and 56 complete darkness, is the most unexplored biome on Earth and produces one third of the 57 biological CO 2 in the ocean (1). However, this habitat has not yet been greatly explored. and degradation, and photosynthesis were abundant in the LP fraction; while spectra affiliated 140 with translation and transcription, energy production and conversion, and nitrogen metabolism 141 dominated in the SP fraction. Many spectra assigned to viral structure proteins, i.e. capsid and 142 tail, were detected in the DS fraction. In addition, spectra related to cell motility, adhesion and 143 secretion, transport, energy production and conversion, nitrogen metabolism, transcription and 144 translation, and protein chaperones, refolding and degradation were frequently detected in the DS 145 fraction.
146
Transporters were abundant in the proteome of the deep SCS (Fig. 1B) , and 93 and 21 147 transporters representing 43 and 12% of spectra were detected in the LP and DS fractions but 148 only one in the SP fraction. Diverse substrates and microbial origins were predicted to be 149 affiliated with these transporters (Fig. 2A) . The predicted substrates of the transporters were 150 amino acid, polyamine, glycine betaine, oligopeptide, urea, and sugar in the LP fraction; while 151 transporters for amino acid were frequently detected in the DS fraction. Regardless of abundance,
152
not all transporters present in the LP fraction were found in the DS fraction, such as those for group; while transporters with less diverse substrates were found in SAR11, and even less in 160 other bacteria (Fig. 2 ). In the DS fraction, high abundance of the TonB-dependent receptor was and Alteromonadales, and one putative transporter for 2-aminoethylphosphonate from SAR324
163
were detected, indicating that some of these microbial groups might be subjected to phosphorus 164 limitation in the deep ocean. Transporters for urea, taurine, ammonium and nitrate were 165 identified, suggesting that these nitrogen-containing compounds were important nitrogen sources 166 for the deep oceanic microbial community, although the community expressed abundant 167 substrate-binding proteins for amino acid, oligopeptide and polyamine.
168
Several proteins related to transcription and translation, such as DNA-directed RNA
169
polymerase subunit B and C (RpoB and RpoC), elongation factor Tu (Tuf) and 1-alpha (EEF1A),
170
and ribosomal proteins were frequently detected in the LP fraction. These proteins were linked to 171 several microbial groups, such as the Gammaproteobacteria, SAR324, SAR11, thaumarchaea,
172
Chloroflexi, Planctomycetes, Prochlorococcus, Betaproteobacteria and prasinophytes (Table S3   173 and Fig. 3 ), indicating active metabolisms of these microbial groups in the dark deep ocean.
174
Interestingly, these proteins were also found in the DS fraction, such as RpoC, Tuf and ribosomal
175
protein L2 from the Alteromonadales, as well as RpoC from SAR324 and Tuf from the
176
Chromatiales.
177
The subcellular locations of all detected non-viral proteins were in silico predicted using 178 CELLO (31), which apparently showed a fraction-specific pattern of cellular proteins in the deep 179 ocean (Fig. 4) . Cytoplasmic proteins contributed the most spectra in both LP and SP fractions but 180 extracellular proteins instead in the DS fraction. Moreover, spectra assigned to cytoplasmic 181 proteins, especially those from the Alteromonadales, were also abundant in the DS fraction,
182
indicating that these proteins were protected from proteolysis. Proteins from cyanobacteria and prasinophytes were frequently detected, and the majority of 258 them were found in the LP fraction (Table S4 and Fig. 1 
285
Numerous spectra assigned to SAR11 were also detected in our study although the SAR11
286
of surface-ecotype and bathytype could not be distinguished from most of the peptides detected.
287
Metagenomic recruitment suggests that surface SAR11 groups contribute more than 20% to the 288 dark oceanic SAR11 population (15). Detection of a PstS protein in our study (Table S3 ) Approximately 15% of the DS spectra were predicted to be virion-associated ( Fig 1A) detection (48) could be applied to promote the characterization of unknown deep-sea viruses.
310
As in our previous studies (25, 27, 28), the DS samples without purification for virions 311 allowed us to identify exoproteins referring to the proteins present in the extracellular milieu.
312
After two-step filtration, cell density (< 10 3 mL -1 ) of the DS fraction was below the detection 313 limit of flow cytometry, indicating that the intact cells contributed little to the DS fraction.
314
However, extracellular, cytoplasmic and periplasmic proteins were abundantly detected (Fig. 4) .
315
They can be derived from cell secretion, cell leakage or cell lysis, and some of them such as previous study (28).
388
The protein extract was reduced with DTT and alkylated with iodoacetamide. Peptide 389 solutions of the two replicates in each fraction were pooled after trypsin digestion on a 10 kDa
390
Microcon filtration device (Millipore) using a filter-aided sample preparation method (57 
